Insulinomas can be induced in experimental animals by the combined administration of diabetogenic agents with polyadenosine diphosphate (polyADP)-ribose synthetase inhibitors. A complementary DNA (cDNA) library that was constructed from streptozocin-nicotinamide-induced rat insulinomas has been found to contain a novel gene encoding a basic protein of 145 amino acids. The gene was expressed in alloxan-nicotinamide-induced insulinomas as well as in streptozocin-nicotinamide-induced insulinomas but not in normal pancreatic islets or in regenerating islets. This indicates that the activation of the gene designated rig, i.e., rat insulinoma gene, may be a general feature of pancreatic p-cell transformation. DIABETES 1986; 35:1178-80.
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We have recently proposed a unifying concept for the diabetogenic and oncogenic effects of the p-cytotoxins 56 ; streptozocin and alloxan induce DNA strand breaks that activate polyadenosine diphosphate (polyADP)-ribose synthetase for the repair of the DNA damage, resulting in a depletion of intracellular NAD that leads to a depression of p-cell functions. 78 When polyADP-ribose synthetase inhibitors such as nicotinamide are present during this process, intracellular NAD level and p-cell functions are maintained, and hence the development of diabetes is prevented. 89 However, in this case the DNA repair is retarded, 10 and some p-cells are converted to tumor cells. 11 To elucidate the molecular mechanism of p-cell oncogenesis, we have looked for genes whose expression is altered in insulinomas induced by the combined administration of diabetogenic agents and polyADP-ribose synthetase inhibitors. We demonstrate a novel gene that is activated in rat insulinomas.
MATERIALS AND METHODS
Male Wistar rats weighing 150-200 g and eating ad libitum were used for this study. Insulinomas were induced by the combined administration of streptozocin or alloxan and nicotinamide; the tumors were as rich in insulin mRNA and pgranules as are normal p-cells. 11 Islets of Langerhans were isolated by the collagenase-digestion method. 5 Regenerating islets were prepared as described previously. 12 RNA was extracted according to the method of Chirgwin et al. 13 Poly(A) + RNA was isolated by oligo(dT)-cellulose column chromatography.
14 With 2 |xg of poly(A) + RNA from streptozocin-nicotinamide-induced insulinomas as template, complementary DNA (cDNA) was synthesized according to the method of Okayama and Berg 15 and used to transform DH1, 16 a strain of Escherichia coli K12. Northern blot hybridization was carried out as described previously. 17 DNA sequence was determined by the dideoxy-chain termination method.
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RESULTS
We constructed a cDNA library of 170,000 transformants from poly(A) + RNA of rat insulinomas induced by the combined administration of streptozocin and nicotinamide. From the cDNA library, -5000 clones were duplicated on nitrocellulose filters for differential screening. One set of filters was hybridized to 32 P-labeled cDNA that was reverse transcribed from poly(A) + RNA of insulinomas with oligo(dT) as primer and [ 32 P]deoxycytosine triphosphate (dCTP). The other set of filters was hybridized to 32 P-labeled cDNA synthesized from poly(A) + RNA of normal islets. In the differential screening of 5000 clones, 1 clone consistently hybridized preferentially to 32 P-labeled cDNA from insulinomas. Plasmid DNA was isolated from the clone and cleaved with Pst I and Nae I. The 421 base-pair Pst \-Nae I DNA fragment (see Fig. 2A ) was labeled by nick translation with [ 
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-4 S rat insulinomas. As shown in Fig. 1 , the Pst \-Nae I DNA and found that the level of the 0.7 kilobase mRNA was also fragment hybridized to an RNA of 0.7 kilobase, which was increased in all the alloxan-nicotinamide-induced insulinoclearly present at a much higher level in each insulinoma mas examined (lanes 5-7). On the other hand, the level of induced by streptozocin and nicotinamide (lanes 2-4) than the mRNA was low in regenerating islets (lane 8) as well in normal islets of Langerhans (lane 1). We next analyzed as in liver, kidney, brain, and tumor-bearing rat livers (lanes RNAs from insulinomas induced by alloxan and nicotinamide 9-13). 
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We then determined the nucleotide sequence of the cloned cDNA corresponding to the mRNA whose level was increased in rat insulinomas. As shown in Fig. 2 , the cDNA stretched 487 nucleotides plus poly(A) and had one large open reading frame, coding for a protein of 145 amino acids (M, 17,040) on the assumption that ATG at nucleotide 1-3 is the start codon and TAG at nucleotide 436-438 is the stop codon. The nucleotide sequence of CCAAGATGG around the methionine codon agreed well with the initiation sequence characteristic of many eukaryotic mRNAs. 19 The protein deduced from the nucleotide sequence was a highly basic protein (31 residues of arginine plus lysine vs. 14 residues of glutamic acid plus aspartic acid) with a putative nuclear location signal at amino acid residues 61-68, 20 and there were no clusters of hydrophobic amino acid residues characteristic of a signal peptide. These results indicate that the protein may interact with intranuclear acidic macromolecules such as DNA. The weak hybridization signal in normal islets could be attributed to either the lower level of mRNA in the normal cells or the structural difference in the mRNA between tumor and normal cells (Fig. 1, lane 1) .
We isolated the normal counterpart from a rat pancreatic islet cDNA library 16 and determined the nucleotide sequence. This sequence was found to be identical to that of insulinomas, indicating that the difference in band intensity observed in the Northern blot hybridization was solely due to the difference in the amounts of the mRNA in tumor and normal cells (Fig. 1) . The nucleotide and deduced amino acid sequences of the cDNA characterized in our study were screened for relationships to other genes and proteins stored in the nucleic acid and protein data banks of the European Molecular Biology Laboratory (Heidelberg), GenBank (Cambridge, MA), and the National Biomedical Research Foundation (Washington, DC) with a rapid similarity search algorithm. 21 This screen indicated that there are neither genes nor gene products that are identical or highly homologous to the cDNA, although there was only a slight homology (52%) between nucleotide residues 99-174 of the cDNA and the 3' terminal region (nucleotide residues 1070-1145) of rat c-mos.
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DISCUSSION
The novel gene demonstrated here was activated in both streptozocin-nicotinamide-induced insulinomas and alloxannicotinamide-induced insulinomas. Streptozocin and alloxan differ not only in chemical structure but also in the mode of DNA strand breaks. 68 Examination of insulinomas induced by streptozocin and by alloxan indicates that the activation of the gene may be a general feature of pancreatic p-cell transformation. Thus, we propose that the novel gene could be called rig, i.e., rat insulinoma gene. PolyADP-ribose synthetase inhibitors (e.g., nicotinamide) retard the rejoining of the p-cytotoxin-induced DNA breaks. 610 The retardation of the DNA repair might increase the frequency of alteration in gene structure, which may subsequently result in the abnormal expression of rig. In Southern blot analysis of genomic DNA, rig exhibited neither amplification nor extensive rearrangements in the chemically induced rat insulinoma (data not shown). Minor rearrangements or base substitutions in its regulatory region may be responsible for the rig activation.
